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ABSTRACT 

This aocmmt actually conaisti of two 
St att-Df-t h€*aTt T^^ie^s on the use of calculatQES in taucatian , on% 
prepar&d in ApxLl 1978 ana th« second In May 1 979. lach presents a 
concise summary of currtnt status, wl-^h sections elaiorating on the 
extent of use off c^lcala^ors la .sahocli^ ri sea rch on calculatDr 
effects, the fle^alopBient of ins tru at lonal mateTialSp mnfl continuing 
conceras for research anfl aav^lopnent 
incluaed* (MS) 
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TO THi EDUCATIONAL RESOURCES Marilyn IT * Si^ydam 

INFORMATlOfi CENTER (ERIC);' 

WhUe no drawatlc ehangaa have eharacterked the ilfcuatloii during tha pait 
yaar* tha use of calculators in mahoolm continues to increase. Raquesta for i^-^ 

WfS 

I , ^ formation on calculatof noaterials^ attendance at woa^kshops, and correspondenQe 
I from teachers uiing calc^ators indicate that caletilators are "slowly but surely^' 

being asslrnllated iiito the initjuctiojial procaas* \fhethar or not to use calaiilator^ 
in classrooftjo Is still an issu^ tor iome teachers and parenti , but people aJ^e mor© 
aQCuatotned to having tha afds av^lable* The calculator's role as an iiistru^tlonal 
tool Is being reeognlzed; it ^aveg time aparit on tfidioua calculstfoni and aUov^ri 
more tirne for developini matHematical ideas and for considering interestliig content 
and problems, A ne^ poittion Etatement from the Natiofi&l Coimcil ef Teachers of 
Mathamatics citei other ways in which the calculator can aid instruction i the 
Council "ancoiU'ages the use of ealculstori in the classrooin as inatructional aids 
and eomputational tools"- While many stiU believe that ^tudants must master com^ 
putatioaal facts and procedures for addition and ^ther operations before thay use 
calculators, others are finding that there Is some purpose for using caIoula±o3ra at 
each level. 

Extant of Use in Schools 

One of the most frequently asked questions Isj "Ho^ many students are using 
calculators in schools?'^ Pew data to supply an ani^ver to this question have been 
published* Several studies ^ere cited in the Caloulatop Information Center 1978 
state^of'^the-^art reviewi the resulti of one national survey provide additional 
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* This report concerns the period since iipril 197S, whin the Calculator 
^ information Center published a previous ,«tate^of^the-ftrt review* 



O 

ERLC 



-2- 

information. This survey, conducted daring the winter of X977 by Ivia Weiss, 
queried a randoiQ sample of 1177 schools representative of the total school popu- 
lation across the couiitry. They indicated increasing use ag grade level increased! 

Grade Level 
K-3 4-6 7-9 10-12 



Sehocls having 
calculators 

Teachers using 
calculators in 
science classes 



28% 36% 49% 77% 

2% 12% 10% 36% 



to 



Teachers using 

ciJculators in „ 
fflathecnatics classes 6% 14^ 30l 48% 



Weiss added i 

Many teachers feel that calculators are not needed in their 
science classes Cranginf fioai 47 percent in grades 10-12 t 
69 percent in grades K-3) , while ■between 14 and 19 percent 
Indicate they aje needed but ttot available. <p. 130) 

For matheoiatici classes, the coinparahle data are; 

K-3 M M iMi 

Calciiators o 
not needed 77% 44% 42% 33% 



needed but 
not available 



15% . 391 28% 18% 



Unfortunately, these data are now two years old. It will be interesting to 
see what changes in the percentages occur as data ai-e coUected in 1979. 

From a 1978 investigation with sfudents in grades 2 through 6 in five 
niidwestern states. Richard Shuaway noled that the availability of calculators 
in the ho«e increased during the project. M the beginning of the study, 
about 801 of the parents and 35% to 30% of the children had calculators at 
hoioe. At the end. 90ft of the parents and 45% of the children had calculators 
at hoiae- This parallels previous inform ation that when teachers encourage 
of calculators in instruction. cWldren are likely to acquire them to use 



use 
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both isi ^iid out of school. As George ImmmvzeeU has conducted woapjcghopi 
fot m^y teaeheri, natedi "Alroost any ta^clier vifxo aska children tq brf»g 
■ calculators finds that thty doJ^ 

la ^everri ichool distaictsj compet^acy ^Ith cp-lculatQrs is incltidad on the 
Ust of aoiftiinal esmpattncies expacted for gvadiiatloii. The Raifiona IJnifieii 
Schccl District in San Diego Coimtyi CaUfamia, fpa' in^taiacti ipeciflad "Flip 
stiidant cmxi itea a calCTilator to pmrioTm basic Qpemtions (+j K, as d^ti^ 
of n4na cctflpstenclis neeiesary tp meet the gciJ sf d^inoiiitratiJEig "4hf ablHty 
to lisa bwlQ inatheinaticaj procesiei aecesiary to forigtlort ^ff^ctivtly In s^^lety, 

Rasgarc fi on Calculator Effects 

Alftie^t lOO stiidiia oii the effects of calenJatsy uBm hs.v^ bnmn cartducted 
during th% past fow or li^a yeara* Thia Im mot% irivsitigation^ thaii Oii aliewt 
any othar topic or tool or technique for math^natiaa Instriiction during thj^ 
ceiitwy^ and calls attention to tha intaiialv'^ Interest about this potenttaUy 
valiiable tool, Mai^y of thase studiei had Qtim go^i io a^ewtalii thither ar 
not the ti#e c£ calculators ^euld harm itadents' naatheoiaticy acWe^tOierit * Tha 
anaw#r continues to be "No'^. The calciilator dot# not appagir tq iiffict acMWi^ 
ment advetialyt In all but a few JnitanceSi achieveinent mor^M we §g^ high .^g.?, 
higlieg whmn calctjators are used for mathimatlcs wi traction (but not oti twti) 
thaa ^hmn they are not used for instructioii* Thiis, oflany rtseatchi*^ ^orWtig 
with itudanta at all leveii have paralleled the aonclnaien m£ Shuniway and tiXB 
QQ-^tavaitigatoM that ■'The3Pe were no measurihle detrtniantal effects agsociat^d 
with use of Galculators for teaching matlieniatics 

While a nuLmber of stiadies have replicated the finding that u&m of calcul&tori 
does not appear to have harniful effecti on the wathe^atical aehiavemeni q£ 
stud^nti who UBm calculators, many of the atiadies have not i^ar^fully docurn#tited 
ho^ the stiidenti teachers um& the calc-ulmtcars. Often the calculator is astd 
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»as the ttaaher or student Bms fit'* which may mean only for chegkittg 
mnvmTM tttidned by paper-^and-pericil computation or, woria, for activities 
which in actuality merely affirm that the calculatQr can qalculatet Oth^r 
researeheri have turned to a motm careful analysis of how the calculator is 

Sows q£ thesa researchari are eKploring the role of the galculator in 
ralatioa to problem solving, a primary goal of mathernatici Instruction. Billy 
Hopkins found that calculators helped itudents in a ninth-grade basic ciathe- 
matics course to achieve better problern-^ solving icores than non-caletilatQr 
Uiera did. A study by Miohael Kasnic provldei additional evidence that calcu^ 
lators helped such etudents "compete succesifuUy" with itudente of hlghw 
ability. 

Charlotte Whtatley considered the effect of calculator use on problem-solving 
strategies employed by children in grade S, while Glendon Blurae reported on 
how seventh graders solved equations. It appears that different strategies 
and soliition methods are used with calculators than are used without calcula- 
tors. In particiJEr, the calculator makes the eicploration of hypotheses 
feasible. In conjunction with another problem-solving study. Marguerite 
Mason reported that "There was no evidence that the students become calcu-- 
lator dependent", thus providing a response to a concern of some pareiits. 

pevalopnfignt of Instructional MateHals 

Teach ws who want to use calculators find that they need specif io materials 
if they are to integrate calculators into Instruction, Therefore, individuals 
and groups have continued the development of materials designed ipeclfically 
to make use of the unique capabilities of the calculator to promote deslrtd 
mathematical objectives* One such instance was fuinded by the National Insti- 
tute of Education* Gerald Rising and others at the State University of Wew York 
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at Buffalo aye devaloping inrtructional materiale for ituderits in grades 11 
and 12 in 'wWch the use of calciilators ii integrated. Problern solvitig and the 
dtvalopmant ©f mathematical skills and ideas are furthered by Uilng the calcu- 

i 

latori 

In a n^ber of school diitricta around the country , the development of 
matarlalB is also proceeding * Funding from the Elementary and Secondary 
Education Act Title IV-C has aided dlstricti from New England to California* 
Modules to accompany the regular curriculuni? activity cii^da whlah supplement 
non^calculator work, and other materials are being designed by these groups* 
Moat have In-^aerviee education components, in which teachers in the ^strict 
aj'e trained to use the materials » 

Por some years, George Immerzeel has been exploring the problem^ solving 
strategies which children use and designing instructional materials to help 
them beconQe better problem solvers. With his coUeagues at the Univereity of 
Northern Iowa and funding from Title IV-C, he has developed workbooks and 
sets of problems which tncorporate the use of calculatora to teach such specific 
problem^ salving strategies as tatimation and the use of tables and graphs. 

Other groups have focused on meeting the needs of teacher.^ for experiences 
with calculators and calculator mirterials. The North Carolina Depi^tment of 
Public Instruction has developed a kit of matarlals for in-service education. 
Transparencies, ^ets of problems, and other materials are itioluded to aid 
in conducting workshops for teachers. At meetings of such organizations the- 
National Council of Teachers of Mathematics and the School Science and Mathema^ 
ties Association, workshops are included on the program. Of even more interest 
BJtm the numerous school districti across the country wMeh have initiated work-* 
shops for teachers (and, in some cases, parents)* 

An increasing number of articles present ideas for integrating the calculator 
mto the on^going Instructional program. For instance, an article by Manfried 
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Olson pro^dea aMmpliS that can be used to stimiilate eonjegtures, lemdlng 
themselv^a \c algebraic prooi, A eakulator enables students to test casas 
which would htva been fruitlesi, if not impossible, without a calculator. 

The nagds of apacific groupa of studeiits are alio being coiiiidered. A 
group of aduQatibnal agencies, for example, hae worked together to develop 
raaterials to help visiially handicapped persons use calculators* Thus far 
th^ir hipVe produced iOme rBatarlals for adoleicents and young adults i pro-" 
vidltig a stJf^ln^tructional program with a focus on dally living and reaHEfe 
problanis* Slrailar materials are sought by those with other handicaps. The 
needs of low achievers at both the pre-oallege and college levels have itl^o 

aonsidwadj materiala and procedures for calculator use by studenti who 
hay© not been particularly iuccessful in mathematics are being dtvgloped. 

Continuing Concerns 

In Jvxxm 1976, a conference was held to explore needed resaarch and 
devalopment with calculators i in January 1979, a second conferenat wai 
aponsQred by the National Institute of Education to specify in worm dataU the 
poinis made at the first Qonference as well as to explore additional needs* The 
paafticlpant^ strongly suggest that a reiteration of the concerns e^cpf assed at 
the first conference is vital. While a report of the conference has not yet 
hmen daveloped, it appears that, among other points, it will stress the need 
for* 

# Resiarch on how calculators can develop mathematical sldUs and concepts 
at aU levala. 

• Deyelopment of Instructional materials which integrate the uae of 
calculators 

A ContinMng evaluation of the effects of calculators on achieyettiint and 
attitudes 



• ContlnuiJig Qoncern for the needs of ^1 types of learners as th^y 
use cilciilators 

* Eoaphaais on promdlng preaarvice and in-^service ttaehers mth 
caicuiator eKperienees 

Another continuing eoncern li with the role of calctilatori on tests. In 
Bmvwil othar aowitriei » qalculator use hai baan aUqwed on standardised 
tests I tMs is not yat true in the U.S. Thera is a at^emata at prafients it 
is rtat appropylmte to use calculatQra on normed tests » since both testa and 
norros ware deTreloped without oaloulatori being used. On the otheir handi 
tasti which allow the use of calQulators wiU not be avaUable until aalculatofs 
ai'e in much widw use. Teachers , however, have becorne aw we of the need 
to develop elasarootn testa which assess rnathamatlc^ ideas, rathe? than Qompu^ 
tational accuracy, when students use ealculatorsp 

Concluding Cornmant 

Slowly but surely, the cidciilator is being incorporated into the aahool 
prDgram at all levels. It is being recognized as an instructional tool which has 
certwn capabilities. But it is not a panceai it cannot resolve all the difficiiltie^ 
in Enathematlcs instructton. Moreover, it has certain limitations i teachers must 
accept tha raspongibility for teaching children how and when to use calculators, 
and thus to be aware of its limitations. After all, students now in school wiU 
have calculators, or a similar computational tool, to use for the rest of thair 
lives. 



This pubUcatlon was prapared ptirsuant to a contract with the National Institute 
ofEducation^ U.S. Department of Health, Education and Welfare. Contractors 
undertaking such projects under Government sponsorship are encouraged to 
escpress freely their judgraent in professional and technical matters. Points of 
view or opinions do not, therefore, necessarily represent official Matlonij 
Institute of Education position or poUcy. 
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State^of "the-Art Review on C alculators I 
Their Use in Education 



BackgrQund 



At apptOKiinately one-tenth the price they were four years ago, hand-- 



held calculators are a bargain. They have progressed rapidly from being 
considered a status symbol to the point where ^ for many adults, they are 
considered a necessity. While not every household has a calculator ^ market- 
ing figurea indicate that over 80 million calculators have been sold In this 
country. 

Increasingly J these data reflect sales not only to individual parents i 
who may let their children use the tool, but also sales to schools * Not 
surprisingly s the calculator was readily accepted at the college level " 
as a tool in mathematics * engineering i science, and other couraea, for all 
levels of students £tom remedial to advanced. At the secondary school level * 
there has also been a high degree of acceptance. The calculator was recog-* 
nlzed as a tool which could help to save time spent on hand calculation and 
thus allow more time to be spent on mathematical ideas and on more Interest^ 
Ing content and problenis* Use of calculators is by no means incorporated 
Into instruction by every secondary school mathematics teachers but their use 
is widely allowed* The main question has been, ''Should or shouldn't they be 
used on tests?" ^ and even this is fading as an issue: teachers are using 
tests where calculators, available to all* are neither an aid nor a hindrance 
in terms of the goals being tested. 

From the junior high school years dovrnwards hesitancy about using cal-- 
culators increases. Especially in classes for low achievers in the junior 
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highg there are many teachers who still hold firmly to the beltaf that etu= 
dents must master computational facts and procedures before they use calcu- 
lators. On the other hand, an increasing number of teachers say, in effect, 
"Why should these students go on struggling to master what they've obviously 
had trouble mastering for the past six or seven or eight years? not let 

them use the calculator so they can go on to learn some real mathematics — 
and inaybe attain a different vle^oint about matheinatlcs?'" 

In the elementary school ^ use of calculatora Is greater at the lnter== 
mediate level (grades 4 through 6) than at the prlniary level. The most 
obvious reason for this is the widespread belief, held by both parents and 
teachers, that children should master the basic facts and the prpcedures 
for addition^ subtractionj multiplication, arid dl\rision before they use 
calculators* Associated with the tendency to use calculators may be the 
teacher's level of mathematical background: the greater the teacher's 
knowledge and confidence abouL mathematics, the more "comfortable" or secure 
he or she may feel with a tool that can process numbers so quickly. Another 
factor may be the firmer belief held by primary-level teachers In the role 
of manipulative materials In developing children's understanding of and 
competency with mathematiGal ideas and processes, as evidenced by the fact, 
that the use of such materials is high in the prlinary grades but has tapered 
off by the f ourth'-grade level* Thus intermediates-level teachers may be more 
ready phUosophically to use a tool which required no physical manipulation 
beyond key-pushing. (It might also be noted that fear of audiovisual equip- 
ment In general decreases as grade level increases*) 

The "back-to-the-basics" bandwagon has also undoubtedly played a part 
in suppressing use of calculators at the elementary school level. As concern 
has been expressed by parents and school boards, ttacheri have re-emphasized 
the stress placed on work with computation* Extended practice ^exerclsM and 



-3- 

drill work have been viewed as the way to meet the deniands for a mora *'tradl- 
tional" type of arithmetic program. Energy that might have gone into eKploritii 
the use of calculator applications has been deflected to the developtnent of 
drill-»and--practice materials; the open-mlndedness needed to incprporate In-- 
struetional applications of calculators has been tamped by their '*Tiewneis" 
in an era vrhen "old" values are being given priority by a vocal seinent of 
the population* 

Extent and Type of Use in Schools 

■ No data have thus far been cited about the extent to i^jhlch calculators 
are being used In schools. The reason may be obvious s iuch data are not 
widely available* We do not know exactly how many students are uelng calcu-- 
lators in schools; we do not know exactly how many teachers are incorporating 
calculator use in the instructional program. We have only the results of a 
few relatively small-scale surveys j plus the perceptions of those \^ho work 
with and observe school programs . 

The following graph presents data from one such survey, conducted with 
over 22*000 students In the Shawnee Mission (Kansas) Public Schools* 



Sf udants Owning 
Calculators 



Studinis Hoving 
Aacisi To Coleulotors 
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tt ii m0 o« Che fev stvdiei In wlilch data collected recently (1977) were 
eoittpartd wlfth data colLscted fearlltT (1975). Terry Parks reported on both 
ovnmtBliLp awd acccsst'bLlltyi substantial increases were found at each of 

th.x%0 gQhool levels I :rhe data reflect a pattern of increasing availa- 
bilAtjr of c^lculatDTS to students. 

tl\^0% data aie paralleled in several other reports. It must be noted, 
howev&T, that they may not bs appltcable to districts that have not collected 
dat^J th0 mmtm lack of collaction of data may indicate less Interest and 

eLvailaHlity • 

Tm^ data on the rat eat of the use of calculators are limited, so 
s^rt da ta on tba types of uses beiDg made of calculators , But we do know 
ChaC| at th^ elemetitary school levals four types of uses are predominant ^ 

Cl) ChecWng computational TOrIt done with paper and pencil, 

C2) Gaoiesj vrlilch may or my not have much to do with furthering the 
tnatheraatlcal content » but do provide motivation* 

Q) Callculat ion* whmn numbers met be operated wlth^ the calculator 
is used ^ith the regular textbook or program, 

Q) Exploratory actlvltifes^ leading to the development of calculator^ 
Specific actly^ltlcs inhere the calculator Is used to teach mathe^ 
tna^lcal Ideas, 

M Chfc s#co«idary schooL levels the emphasis varies s 

CD Ca3.culat inris aeed whenever numbers must be operated with. 

C2) Recreations md gaiaes. 

Q) Exjplorat lon^ because secondary school mathematics teachers' back-- 
grounds are generally good , there is much more of this type of 
activity than a£ the elementary school level. In additionj the 
atmidenti who continue In higher-level courses are often intrigued 
to t^cplore. 

C4) Ui« of calculator-specific materials. There is at least one ttict 
in^egratinLg the use of calculators ^ with several others being 
fi^Ld-te^ted, 

Aairi^ Gxaebsr and several others at Research for Better Schools conducted 
m aaf\r€y in 1977 cf 1,343 teachers In Delaware, New Jersey, and Pennsylvafila 
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ia grades Ip 3, 5, mi. 7. 

In the flfst gTadei calculators wara used most frequently 
for drtlll the niKt three most frequent usagea ^ere for 
checklag, motli^ations and remidlatlon. Use of the calcula- 
tor for dJllX decreased with grade level. Above first 
grade the momt fTequent usage was for checking. Motivation 
and word ptobleins were the next noBt frequently reported 
uses for calculators at the higher grade leveli. 

Between 15 and 30 pitceat of the teachers Indicated that they were 

using ''Instructional msterlals specifically designed for tiae with the 

calculator"* aithough the nature of those materials la not noted* 

ReaBons For and A^gai ciit Using Calculators 

In a survey reported to the National Science Foundatdon in 1976 by 

Marilyn Suydainj reaions cited by educatori and the authors of published 

articles for using ot riot using calculators la schools were listed, 

ttterature published since then has affirmed the continuing acceptance of 

the reasons for using ca^lculators : 

(1) They aid Iti computation. 

(2) They fatlLitate understanding arid concept development, 

(3) They lessee the need for memotlgatton* 

(4) They help In problem solving* 

(5) They motivate, 

(6) They aid in e^plorlngs undaritandlngs and learning algorithmic 
processes. 

(7) They entourage discovery ^ eKploratloris and creativity, 

(8) They eKtst* this pragmatic fact Is perhaps the most compelling^, 
as they appear in the hands of increailng numbers of students. 

Tlie reasons for not us lag calculators also continue to ha-ve pertlnencei 

(1) They could be uied as substitutes for developing cpmputatlonal 
skills. 

' (2) They are not available to all, 

(3) They may give a false Impresilon of mathematics — - that it Ifivolvea 
only cotnputatl&Ti and Is largely nifichanical. 
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(4) There Is Insufficient rssearch on their effects. 

(5) They lead to maintenarice and security problenis* 

The fitat concern is one eKprepsed most, freqiiantly by parents and other 
members of the public* They i&mt that studeats wall become lazy and will 
not "make use of their bralne " a wonderful calculator if it la cultlvatad 
properlyi*' But f&v educators believe that childrsri should use calculators 
in place of learnitig basic computational skills. Rather, they expteiS a 
strong belief that calculators can help children to develop and learn more 
mathematical skills and ideas than is possihla without the use of Galculators* 

As one escample of thlSs a survey of parents in itest' Chester, Pennsylvania 
in 1975 indicated that about talf of the parents feared that calculatora 
would hinder students- perforniance on bailc skills — but at least aa many 
thought calculators would improve their children's attitudes tovard mathe- 
matlci. In another surveys parents were asked if calculatora should be 
used in aleTnentary schools ; about three--fQurtlis of them said "no*'. But 
when the question vas changed to ask If calculators should be used along 
with paper-and--pencH computational work, over three-fourths said 'V^^^** 

Teachers' opinions about calculators have changed In recent yeata. In 
the Shawnee Mission survey already cited, teachers were asked j ''Should 
calculatora ba used in schools by students?*', In 1975 ^ 65.2% said "yes"| 
in 1977 j 71*9% said "yes", Ainslysis of reasons for responsep Indicated 
their a^^areness of how to use calGulators as a tool to assist in teaching 
Computational skills had increased* In 1975^ teachers were conceroied about 
the effect of calculators; by 1977, as ideas and guidelines had developed, 
concerns daereased. In the RBS study ^ however, the percentage of ceacheri 
who had used calculators at each level was far lower than mighty be atitiai- 
patedi 3,91 at grade 1, 8*4% dt grade 3, 19 A% at grade 5, and only 25,62 
at grade 7, Obviously there JLs tnuch variance In the use of calculators 






at different locations. The effect of Lsadtrs who ate actively Interested 
in helping teachars learn how to use calculators aa an Instruccional tool 
aaems evident* 

Research on CalculaCor Effects 

Host educators belie\re that the use of calculator's Should not replace 
instruction on skills and concepts | rathiT, calculators are a useful teaehimg- 
learning device. Evidence frora the research to dace supports this contention. 
In TOst of the studies at the elementaTy euliuol Lwel^ tfts dat^ ^^*srt CQllected 
to provide an answer (to parents and school board as "^ell aa to teachers) 
to the question i "Will the use of calc-ulators hurt mathtimtlcal achievement?" 
The answer appears to he "No*': In all ^ut a few studies i achieveraent is ag 
high or higher when calculators are used for Mthematlcs Inatruction Chut » 
not used on tests) than ^hen they are not used. But ch«s is variability in 
the findings i depending In part on the test used* scotea may not be as high 
for problem solving o£ for concept sections □£ a test* fiowaveifs considering 
the fact that the curriculum vas not changed to mm the calculator to protnote 
problftm solving or concept development specif Icallyj ChlS tiiay not be surpris- 
ing* Unfortunately^ it Is unclear in the reports from such evaluatldtis 
Just how the calculator was used^ so that specif tc ways in which the calcu- 
lator might have been used to enhance probLem solving or concept scores 
remains unknown. What we do Know is that the calculator, in general ^ facill-- 
tatas mathematical achievement across a wide variety of Copies^ and this 
finding Is verified at both the elementary and secondary school levels^^. 

In addition, there are a £w stud lei which indicate that children learn 
baele facts and skills with the use of calculators, and they learn mathema-' 
tlcal ideas (such m& under standtng of mathematical propertiei) with the umm 
of calculators. Such reaearcli in the tnlted States is aupported by evidence 
from other countrieap such as Britain and West GeTMny, rhere Is algo evidence 
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that children do riot tend to us% the calculator when they realise that 
it is unnecesiatyi Tor example, oae reseaxchar cited the example of 
79 + 23 - 79 - ?j children did not iise Che calculator to find the resuLt - 
fls many adults might have. 

^ th© P^isconsiii Cerittr fot Cog^ltiv^e Learnings axploratory work has 
been underway for the past four years* Su^ariElng hla investigations for 
the Center in 197 6-7 7 ^ Fred Weaver stated i 

At the iecond'-grade level i teachers were given explicit 
suggestions regarding use of calculators in connection 'with 
thelt on-^going mtheeatiGa ptegr^ffii, particularly when 
working with basic addition and aubtraction facts and al-- 
go«tthras. At the third--gtade levels an emphasis %?as placed 
upon the use of calculators in ccnnectlon with TOathematical 
properties and their applications with particular attention 
to dolng'-undolng ideas. At the seventh'-grade levels erftphasis 
waa placed upon calculator algorlchms for whole nwiber 
pituaclons i 

Generally, calculators facilitated Instruction^ making cer- 
taln^ approachea to content more feasible than otherwise would 
have been the case. However i at each grade level aome diffl^ 
culty was observed In recording calculator algorithms. 

His- work has been concerned less with developing materlale than with e^c- 

plorlng the effect of the calculator on promoting mathematical learning. 

Several other projects spDnsored by the National Institute of Education 

or the National Science Foundation have the sanie focus on learning rather 

than mat wlals , 

As the research is surveyed s it becomes evident that there is a need 
for many more studies to provide toov^ledge of how calculators can be u^ed 
to faclllfeste learning. 
CurrlculM Peyeloprnent 

Monies from federally funded programg » including Title IV of the Ele- 
mentary and Secondary Education Act, as well as from NflE and NSF^ are cur- 
rently being devoted to the exploration of ^hat uses of calculators are 
feasible and to the developrnent of Mteriala for children and teacherap F 
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example^ tt\m Co Iambus COhlo) Publici Schools lia.m a girat\c binder Title IV 
CO develop loatarials for grades 4, 5| and 6, i^d ate pteitncly field-testing 
Modules for a ranga of topics including place mlui# deciTnal comput^tlarii > 
roufiditigi a^tlinationj basic factg^ and applicitlotia in raMaarem^nt and 

Matsifials are being deireloped by both ittil^^iduaXs and groupSi For 
lnstane#j a group o£ teachers in the MtnneapoHs Public S^hoola produced ^ 
0it of v^rk^hfee^g complete wlch objeatlves ar*4 tsachlng sugg^stiDna^ dasigr*sd 
for student^ In grades 9 and 10. The topics range from tTie d^ciml eyacsift 
to applicatlonB such as flndlrig the cost of m oil change at ch^titig 
population growth •/ The calculator is used as a tool to b%lp children laaM 
mthemat ical Id'eaSi and as a cQmputational derlcie to htlp mm to md^rptand 
ideas a^d applicstiona that they might not otherwise have b&m able to* 

Several of the state mathematics councils havi iiniilariy Irtvolv^ed metn^ 
birs iti developing materials* The Michigan Comctl of TeaaheYS of Mathetn^^ 
tlcis inOTOgraph provides a variety of activities fo^ grades Kr-^f 4^8^ and 
9^X2^ t^lth the mathemacical objectives clearlf specif iedt UtifOTTtuna-t^ly, in 
many other currant putlieat:1on.S3 the calculat&T itielf is bai^g taught^ mt 
toathamatics. Students laarn some interesting things to dc with a cal«iuiatPr j 
but instructional Dbjectives xmy not be furthfered In tha jcoeea^. 

Other states are at the stage of Iricorporatitig reccMMfiridatioM on aal^ 
culatoKs iti their curTiculum guides. For InsMrtcei ItidlMa'i 1977 puhli^ 
eat ion stateai 

CftlQulators certainly will have an Impact on mathamaCi^a a\$t^ 
^icula. They My change p.ot only the Utnds o£ comptitatiortal 
atoill^ t^hlch are taught btit the raamer i/hich cb%y ate 
tsught. It is our feeling that matheiaatiaa teachers and 
ciirrieulum planners muit Incorporata calculafcori ititQ regular 
elaSiwork rather tlmn igi) /re or banish tham, T^a&hefs, mu^t 
find effective us^o at all levels fro© primary gtades to 
calQulus. 

rhe guide thgn auggests ways to use calculatorgs to relnf^tfee coinputatl&nal 



skills, to lopTOve estimation skills, to aid In teaching place value, to 
devolop numter concepts, to solve problems with factual data, and to extend 
textbook problems using more realistic numbers are among the points cited. 

A teacher in Falrview Park,, Ohio, provides a typical illuBtratlon oS 
what an individual teacher may do. When her school received 12 calculators, 
she put togecher a unit for her slxch-grade class. Shm wanted the children 
not only to become fatnillar with the functloiis of the calculator, but also 
to use the calculator to solve everyday problems and to learn more about 
tiuiBber patterns. She used the overhead projector to teach the children how 
to use the calculator, and made posters, worksheets, task cards, gaines, and 
other materials. She found student interest high, with many studencs gaining 
confidence in their problem-solving and estiinatlng skills. 

The majority of the materials being published contain activities for 
using the calculator to promote existing currlcuiar Ideas. Some of the 
reconmiendations of the 1976 NIE/NSF Conference on Needed Research and Develop- 
nent on Hand-Held Calculators in School Mathematics concerned curriculmn 
dBVelopment for the long-range future. Although little has been published 
that stretches the currlcuLum to new bounds, NIE is supporclng the develop- 
ment of some future-oriented prototypic curricula that integrate calculator 



use , 



Mext Steps 

We need to know much more: not just what calculators can do, but what 

It is poBSible for them to do given specified currlcuiar and Instructlonai 

options. Me need to know how learning is affected by the use of calculators 

and How macheinatics can be taught differently because of the existence of a 

new tool. A.S one respondent to a survey at the 1977 Annual Meeting of the 

Mational Council of Teachers of Mathematlci noted: 

The calculators' relationship to problem-solving ability 

is a question of vital concern. Although the research reported 
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in Suydam's 1976 reporc for the NSF shows conflicting' reports 
abotit calculator effects on problem solving> all of ttie research 
, , , had the coiranon element that the calculator was an adjunct 
to iinits In problenx aolvlng =^ it was not Incorporated into a 
specific problem solving itrategy. This appears to be the bast 
hope for meaningful use of the calculator — by Incorporating 
It Into a specific strategy, 

SuMiary 

The use of calculators in education is increasing ^ although there is 
some conoern and resistance at all levels. The fact that they have become 
more widely available and that children will use them in their daily lives 
throughout life makes their use in schools seem Imperative to many people. 
Others fear that growing dependence on calculators will be harmful. How- 
ever, there is initial evidence that calculators can be used to further the 
development of mathematical ideas and skills* The efforts of both Individ-- 
uals asid groups are focused on studying the affects of calculator use and 
on developing needed materials. The calculator is not and wiXl not be 
ignored as a useful learning tool. 



Prepared by Marilyn N, Suydaras Calculator Inforinatlon Center* 

This publication was prepared pursuant to a contract with the National 
Institute of Educatloni U*S. Department of Healthy Education and Welfare, 
Contractors undertaking such projects under Govermtnent sponsorship are 
encouraged to express freely their judgment in profeeaiional and technical 
matters. Points of view or oplnloni do not, therefore * necessarily repre- 
sent official National Institute of Mucatlon position or policy. 
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